,, T Reoro doced b ot e

rmed Servwes Technical |n formation ﬂgencw
DOCUMENT SERVICE CENTER

KNOTTBUILDING DAYTON, 2, 0HI0

UNCLASSIFIED




U S. Naval School
Aviation Medicine

AV VViV. V.V ViV ViV iV ViViViVaVi VNV ViViVa W ViVaVaVaVaVeViVaVaViVas

U. S. NAVAL AIR STATION
PENSACOLA, FLORIDA

RESEARCH REPORT

of

o

INTELLIGIBILITY OF SPEECH HEARD AT HIGH

ALTITUDE AND SEA LEVEL

REPORT NO. NM 001 064.01.14

VaVaVaPaVaVaVaVaVaVaVaVaVa VoV W oW W Yy oV AV AV a A AV AV AV AVAVAYAYAY AV A AYAY AYA A AYAVAYAYAYAYAYAYAYAYAYAYA A A YAV AV,

4

=
3

Y

Navy-—PP0O CNATRA, Pensacola. Fla.

\WAYA AV VV""VV'VV"A 'I




S

[ I9)s9YD) ‘uosurfiy I

‘[9AS] BIS 1B SISUISIT
PUB Spninje jB SISUSISI[ JO S9I00S UIDMIDG PUNOT AI9M SIDUBIIIIIP JURIIIU
-31s 4[eonsye)s oN ‘s£ep ue9)IIy 0} U0 YSnoiy AuedTUdIS poaAoIdull SaI008
To¥eadS ‘paUuIe}qo SI0Mm [RAS] BIS JB PUB 9pN}IR JB $8I00S SUIUS)SI[ [eINBUOUI SB
Ies se ‘eanssead gO jsuredie SPNYIY[E Je SoI00S IoyeadS ‘[SA9] BAS JB SISUD)SK
3J3M JITBY ISUJ0 SY} ‘Opnjij[e je SIoudisi[-Ioxeads arom dnoif yowe Jo I[BY JUQ
1991 000°eP je Sunssy Aqrsieiur ur jred 3oo) sioxeads jo sdnoid anog
TETAISSVIONA UOTIBISNIIT T satqe; g dd
BPLIOLI ‘e[00BsUSd ‘SVN ‘QUIDIPSIN UOHBRIAY
JOo Tooydog TeAEBN ‘S "N ‘Arojeioqer] ONSNOOY ‘U4 ‘UOSUINIY ‘P I93SOUD)

"[PAY] IS PUT PNV YSIH 1¥ PALdH Yo2adS Jo ANpIqrInauy
$1 "ON 12043y ‘T0°F90 100 TN 140day jurog

26T 1900390 0 SUIIPSIN UONBIAY JO [00UIS [eABN 'S ‘N

£ 38189y ‘UosUIIY I

‘[9A9] BSOS ]B SISUSISIT
pue IPNIE je SISUIISI O SOI0OS UIIMIS( PUNOF SIdM SIOUDIIJIIP JUBIIIU
=818 A[[201}S13R}S ON 'SABD UD9}JIJ 0} QU0 UYSnoay} APIUediyiugis pasoxdwl $9I008
Isyeadg "pouIR}gO SI9M [IAS] BSS JB PUR ISPNINE }B S9I00S SUIU)SI [RINBUOW SB
[em se ‘sanssaad gO jsurediz Ipnjie je S810ds Ioyeadg [SA9] BOS }B SI9US)SI]
aJam J[eY I9UJ0 U3 ‘9pniIi[e }e SIsud)SI-Ioxeads axem dnoas yoea Jo Iy auQ
"199F (000°€H I Sunsey LAMIqiSnajur ur jred oo} sioyeads Jo sdnoad inog

QHIAISSVIONO uonjea}snIir 1

serqe; ¢ dd g,

BPLIOTY ‘ejodesusd ‘SVN ‘OUIDIPSIY UOHBIAY
Jo 100YdS TeABN ‘S ‘N ‘AIojeIoqer] O1ISNOOY “UJ ‘UOSUINIY ‘p J21S9YD

[2AY] ®R§ PUT 3PMPIV USIH ¢ PILdH Yodads Jo ANIqISHouy
1 ‘ON 310d9y “10°$90 100 TN 310doy jurof

6T 1390390 08 SUDIPSI UOHEIAY JO TOOUIS [eAeN 'S ‘N

‘£ 39359 ‘uosUIY I

‘[SAJ] BIS ]} SIDUIISI]
pue opnjije je SISUSISI[ JO S9I00S UIDMISQ PUNOI DI9M SIDUDISIIIP JURIIIIU
~8Is A[Tednsnels oN ‘sAep UodlJIF 0} U0 UYSNOIY) AQIUEDIIIUSIS Pascidwil S9I00S
Ioyesdg ‘PauTe}o SIom [9AS] BIS 1B PUE IPNIII[R JB S8I00S JUTUSIST] [RINBUO Se
Tem se ‘@anssaad gO jsureSe Spnjne }B Sad0ds JoyeadS ‘[9AS] €8S 1€ SIOUDSI
9I9M JTBY I9YJ0 9} ‘OpnIne e SIaUL)SI-ioxesds aiom dnoid yoee Jo JieY SUQ
1997 000°e% Y Sunsay Lrpqisiyrojur ur jaed oo} sidyeads Jo sdnois Inog

JATAISSVIONN uonensnIlr 1

so[qe} ¢ dd 4,
BPLIOLI ‘BIOOBSUST ‘SYN ‘QUIDIPSIA UOHRIAY
Jo 100UYdg TeABN 'S ‘1 ‘AIojeioqer] OUSNOIY “(QUJ ‘UOSUINIY 'f JI81S9UD)

‘[9A9T] BO§ put IPNUNY UYIIH e PIeSH YadS jo AYMIQISIRIUL
¥1 "ON 330d9Y ‘I0'$90 100 N 110doy jurof

ZG6T 1940300 0¢ SUIIPSIA UOHBIAY JO [00YDS [eAEN 'S N

" I91SaYD ‘WOSUTHIY I

‘[9A9] BIS }B SIDUDISIT
pue Spnjnfe je SI\SUS)SI[ JO SII0DS USDM]S( PUNOJ SI9M SIOUDISIFIIP JURDIIFIU
-81S A[[ednsTje)s ON 'SABp U99)IIY O} 9UO YSNoIy} A[JUBRIIITUSIS PoAOIdWI SAI02S
Jo¥eadg 'PaUIL)GO SIom [9AD] BIS JB PUR SPNINE }B S9I00S SUTUS]SI] [RINBUOW SB
IPa se ‘ainssoad gO jsureSe SpnjIie je So100S IoxeodS '[OAS] BSS 1@ SISUS]SI[
olam JTeY I9UJ0 du} ‘spniiie i SIaUL)SI[-Ioxeads aiem dnoig yoes Jo JTBY SUO
"199F 000°¢h e Sunssy ArIqrdirejur ur jied oo} sroxeads yo sdnoid Jnoq

AHTAISSVTIONN uonjedysnir T sarqe} ¢ 'dd g
BPLIOL ‘BIODBSUSJ ‘SVN ‘QUIDIPSIN UOHRIAY
Jo T00Ydg [BABN 'S ‘[l ‘A10jBIOQRT ONSNOOY “qUJ ‘UOSUIMIY 'L I91S9YD)

"[3497 €d§ puT APMIYIV YSIH e PIedH YodadS JO AYIqIIHIesul
$1 *ON 11049y ‘T0°$90 T00 N JI0doy juzop

96T 13¢0390 08 SUIPSIY UONBIAY JO [00UIS [BABN 'S N



U, S. NAVAL SCHOOL OF AVIATION MEDICIRE
NAVAL AIR STATION
PENSACOLA, YLORIDA

JOINT PROJECT REPOR? ¥O. 14

The Ohlio State University Research Foundation
Columbus, Ohio, under Contract N6ONR 22525, ,
0ffice of Naval Research Project Designation No. MR 142-993

and

U, S. Naval School of Aviation Medicine
The Bureau of Medicine and Surgery Project EN 001 064.01.14

INTELLIGIBILITY OF SPEECH HEARD AT HIGH ALTITUDE AND SEA LXIVIL

Report pr ed

Chester J. Atkinson

Approved by

John W, Black
Project Director
and
Captain Ashton Graybiel, MC, USK
Director of Research
U. S. Naval School of Aviation Medicine

Released by

Captain James L. Holland, MC, USN
Commanding Officer

30 Octoder 1952

Opinions or conclusions contained in this report are those of the author.
They are not to be construed as necessarily reflecting the view or the en-
dorsement of the Navy Department. Reference may be made to this report in
the same way as to published articles noting author, title, source, date,
project number and report number, '




IFTELLIGIBILITY OF SPEECE HEARD AT HIGH ALTITUDE AND SEA LEVEL

SUMMARY

Four groups of speakers in unite of 10 per group tock part in speech
intelligibility testing conducted during altitude runs in a low pressure
chamber taken to 43,000 feet, Approximately one-half of each panel served
as speaker-listeners at altitude and the other half functioned at sea
level only as listeners., The speech materials were multiple-choice intelli-
81bility tests from Forms A, B, C and D, REach group made some 15 altitude
runs of one-half hour at altitude. Speaker scores at altitude, listener
scores at altitude, as well as listener scores at sea level, were obtained, .
Listening was done monaurally, one ear open to ambient sounds, The unit
at altitude had a noise enviromment of 110 db simulated aircraft noise,
the unit at gea level in chamber room ambient noise,

SUMMARY OF RESULTS

1., Speakers at altitude, speaking against pressurized oxygen, received
response scores that generally increased from Day l to Day 15. The vari-
ance due to days was significant for all groups.

2. Listenér scores at sea level and at altitude were not different
at a statistically significant level. Group Four, however, approached the
S5 percent. level of confidence.

: 3. It was observed that speaking at altitude tended %o restore
02~CO2 balance in the blood.

INTRODUCTION

Speech intelligibility tests were conducted during & seriee of simu-
lated high altitude runs at the U,S, Naval School of Aviation Medicine.®
The purpose was to test how well speakers were able to make themselves
understood over an aircraft intercommunication set while at 43,000 feet

and dreathing pure oxygen at 10 inches of water pressure.

® The main purpose of the series of altitude runs was to chart the
effects of this altitude and decompression upon arterial blood satn-
ration, Electrocardiograms and X-rays were also taken, The results
are reported in U,S,’ Naval School of Aviation Medicine Project No.
WM 001 059,21,02, "The Effects of Decompression on Subjects Repeated-
ly Exposed to 43,000 Feet While Using Standard Breathing EquipmeniV¥,
by ILCIR A,L, Hall, MSC, USN and Madhukar Shrinagesh, Indian Air Jorce

&
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Two lines of investigation have been reported that apply quite direct-
1y to the problem of speech reception at high altitudes., One deals with
the resistance to change displayed by the threshold of hearing at high
altitude, Another deals with articulation scores that were reported to de-
crease with altitude up to 37,000 feet, "Intelligible speech® was re-
ported at 43,000 feet,

Examples of the usual decrement of articulation scores with increasing
altitude are the following. From the Psycho-Acoustic Laboratory, in an
OSRD report (1) the following tabdle is givens '

Plane

B17 B2
At 5,000 feet, articulation scores, in percent 73 76
At 35,000 feet, -a.:t;ticulation scores, in percent 65 | 66

In the same report is the following table, The differences in scores
in the vertical columns are due mostly to differing equipment over which
the tests were given. The tests were given during actual flights. The
results are in percent articulation scores.

Altitude ‘ : | o

5,000 fee 33,000 feet . Alt, Differentisl

2,2 104 10.8

26,6 17.6 9.0
29,2 25.6 36

©.3 32,0 | 8.3

65.1 54,0 11.1

72,5 | 64.4 8.1

The Psycho-Acoustic Laboratory states in another OSRD report (2):

There was a gradual droppinmg off in articulation up to approximately
20,000 feet, with a sharper drop in articulation scores at progress-
ively higher altitudes, The detrimental effect of high altitudes
was much more serious than is indicated by the scores, because the
speaker unconsciously compensated for altifude loss by increased
effort in speaking, Great effort is required for a speaker to make
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himself understood at 33,000 feet, After only a few words, the

speaker runs out of breath, The speaking of complete sentences

at an adequate volice level proved to be exceedingly difficult at
high altitude, It was concluded that remarkably consistent gain
deficlt as a result of going to altitude is shown, This deficit
ranged between 13 and 20 db,

One of the same reports cited above reported a dissimilar phenomenon,
Preliminary investigations indicated that the sensitivity of the ear it~
self does not change appreciably between sea level and 35,000 feet, This
- resistance to change exhibited by the threshold of the eur at different
altitudes was also reported by Rudmose, et al. (3): “In view of the
results-~it must be concluded that the average threshold of hearing is . .
independent of the density of the air in the outer and middle ear®, This
conclusion was based on threshold tests at sea level and at 35,000 feet
simulated altitude,

Fletcher (4) has advanced as a working hypothesis that a hearing i
threshold measure is a relatively good measure of speech reception ability, !
If this is true, the speech reception scores at altitude should be roughly |
~equivalent to the same speech received at sea level.

. The results of articulation scores decreasing with increasing alti-
tude, and the stability of the threshold of hearing at differing alti-
tudes coupled with the relationship that eppears to exist between the
threshold of hearing and speech reception ability lead to the formulation
of an hypothesis: Listener's intelligibility scores at. sea level are not%
different from listener's intelligibility scores at altitude when the
same speech signal is heard by both., Another hypothesis emenable to test
by the design of the same experiment was: The speaker scores on success-
ive altitude runs are not dissimilar,

PROCEDURE

The speech tests were necessarily fitted into a half-hour program cf |
operations after 43,000 feet was reached, that included X-rays, oxygen
saturation tests, and oxygen consumption tests., An important limiting
factor in conducting the speech test was the fact that the same inter-
com served for testing and for all communication in and out of the alti-
tude chamber, This limited the testing to about 15 out of each series of
20 altitude runs made by each of four groups of speakers,

Speakers in groups of ten went through the following routine. About
one half of each group (as many as six, as few as three) preoxygenated for
one half-hour in the altitude chamber, After the perlod of preoxygenatioxz
the chamhber was taken to indicated 43.000 feet and held there for a period
of one half-hour unless a health hazard intervened, During this half-hour,
each person at altitude read an intelligibility list and the rest of the
group at altitude served as & listening panel. The group who remained at
sea level served as a separate listening panel,



Each man was issued a helmet with one earphone (ANB~H-lA). The other
earphone was removed to allow the earpiece of the oximeter to bs position-
ed, These helmets were fitted individually with great care as a pre~
cantion against any leaks of the oxygen under pressure, Each man wore
only his own helmet and therefore the same earphone at altitude; he also
wore the same helmet at sea level, This meant that one ear was covered by

an earphone and the other sar was always open Vo ambient sounds,

A noise generating system was provided in the altitude chamber. It
was designed to deliver 110 db sound pressure level of simulated aircraft
type noise in the chamber at sea level, Component parts were a Harvard
Noise Generator and an 805 A Jensen speaker, No direct measurements of
the sound pressure levels were made while the chamber was at altitude,
The direct effect of the nolse upon the speech to noise ratio at the
microphone was small at sea level, because of the effective noise seal
- afforded by the oxygen mask. At high altitudes, the noise was even less
effective because of the lowered output level of the loud-speaker in rari-
fied air., The effects of the noise generating system were, therefore, a
possible attenuation of the listener's scores at altitude through the
masking effect of the noise on the uncovered ear and under the cushion of
the covered ear, plus an effect upon the voice of the talker due to his
noisy environment,

An R124C Navy Intercommunication-system was used, It consisted of
six stations inside the chamber for speaking and listening, six stations
outside for listening only, and six stations outside for speaking and
listening. Five of these spesking-listening posts were used by the chamber
~operator and observers. The other outside speaker-listener station was
provided with a bridge output junction for recording. The experimenter
wvas stationed at this last position., He was able to make consisent sam-
pling tape recordings of the speech test and to direct the speech testing
procedure to fit 1nto the other tests being made--X-rays, oximeter read-
ings, etc.

Multiple choice intelligibility test developed by Haagen (5) (veL:MC
Forms A and B) and Black (6) (Forms C and D) provide four forms of 12
speaker lists each., Each list of of comparable difficulty within a pair
of forms, The two pairs of forms are also rather close (about seven per-
centage points apart) in mean difficulty. These tests yield scores quickly
and are stable from talker to talker, The requirement of the listener in
these tests is simply to cross a line through one of the four alternative
words for each test word spoken. These intelligibility tests were chosen
for a test measure for several reasons, lack of physical exertion while
taking the tests, ease of scoring, and relative speed of the testing pro-
cedure,

The multiple~choice intelligibility lists were divided in half so
that each talker at altitude would have to say approximately 14 test words,
With carrier phrases, his total speech during the test amounted to about
20 words, Sub-division of the lists was based on an estimate that this
number of words might approximate a mean number that an average speaker




could utter within the limitations imposed upon this testing situation,
In practice, it was found that most of the talkers were able to say more
words, but in order for all the potential talkers to have a turn as a
test speaker during a run, the number was close to a maximum,

‘ At the end of the preoxygenation and before the altitude run started,
& pencil, a E% x 84 epasker card with the words to be read on it, and a
response sheet were given to each man in the chamber, Response sheets
were disgtributed to the outside listening stations that were manned during
each run, These precautions were taken to make the testing procedure
simple and straightforward, The precautions were found to be necessary
during the first few runs, as a misplaced pencil or speaker card was hard
to locate while the groups were at altitude,

RESULTS

The teste were scored in percentage of correct responses, , The scores
from the listeners at altitude were compared with the scores from the
listeners at sea level, Appropriate analyses were applied to ascertain
whether there was improvement of intelligibility with practice, The per-

centage scores of each of the four groups were compared, Most of the
" important results can be demonstrated by referring to a tabulation of the
" ‘mean scores of the groups of subjects by days (see Table 1).

All the groups ‘start low at Day 1 and rise generally in percentage
of correct responses through Day 16, The curve representing day-by-day
values is shown in Figure 1 for the mean of all four groups.

Analyses of variance were run on as much of the data of each group
as were comparable, That is, data from as many subjects for as many days
as possible were used to get an estimate of the significance of the
changes noted, The variance due to days was significant in all four
groups. This gave reason to reject the hypothesis that speaker's scores
would not vary from day to day. The variance due to the differences be-
tween the sea level and altitude groups was small and non-significant for
all four groups, Hence, this gave no reason to reject the hypothesis of
no difference between the sea level and altitude groups. The summaries
of these analyses are shown in Tables 2, 3, 4 and 5,

An interesting result is shown by the division of the listener scores
each day according to whether the listeners were at sea level or at alti-
tude. The mean scores between the sea level and altitude are similar,
indicating only a slight difference between the score made at altitude
and the score made at sea level while listening to the same speaker, The
general result was found to be common to the four groups as shown in Fig-
ure 2, The means of the sea level scores of Group Four are seen to be
somevhat higher than those of the altitude counterparts. As seen in the
statistical summaries, these differences approach the &6 percent level of
confidence withen that group., Nevertheless, an inspection of the scores
of the series of four groups lends no support %o a conclusion that




listeners at sea level have a decisive advantage over li:tenerp at altitude,
This is borne out by the statistical comparisons,

A sidelight of the speech tests was the observation that generally the
oxygen content of the blood of the speaker was affected beneficially while
speaking agalnst pressure at altitude, For example, a speaker with low 03
content was likely to raise his.Op content during ithe minute or so that he .
talked. Or, if the speaker had a high Op, e.g 95 percent, he was 11kely
to lower the Oz content during speech,. A.stebilization of the: 0 content g
after approximately % minute of speech was usual, . The incidental effects ..
that were observed of speaking at altitude were for the most part salutory..
A full report of the physiological phenomena observed during speech-at . .
altitude are given in the report by Hall .and Shrinagesh (7)., .The fact.that.
these incidental effects were observed is a recommendation for cooperation
in research of various activities,

DISCUSSION.

Speech is practically unintelligible when a, talker is first confronted'
with the problem of speaking against pressure at altitude, There is great .
exertion required to compress the air 4n the lungs uwufficiently to acti-
vate the vocal cords and overcome. the .pressure. in the magk. . The excursion
of the rid cage is very evident even to an untrained observer. It 1g an
interesting note that this violent exercise was never subjectively blamed
for the cramps or ¥bends", while such minor movements as crossing out a
word on the response form were sometimes 1isted as a cause of the “bends“

(7).

. The increase in intelligibility from 50 percent to 75 percent was
dramatic enough to be remarked upon by the operators of the chamber. -When,
each group was making the first few runs, verbal communication out from the,
chamber at altitude was so poor that- hand signals and head movements served.
as signals, This condition never obtained for the messages. from the operapx
tors of the chamber to the occupants .at altitude, The occupants .of. .the ,:.-
chamber never reported a failure to hear. clearlx & message. -from outside thox
chamber, N : Ca Tpe

The near equality of the scores of the listeners at sea level and
those at altitude in the present study indicates that some factor other
than altitude alone caused the difference in the scores at increased alti-
tude in the earlier reports. —

Perhaps differences in procedurerin the experiments account for the
seeming difference in results., In the Harvard studies, the sea level speech
reception scores were determined by an articulation team; then the whole
team in an airplane went to altitude and repeated like tests at several
altitudes, The apparent discrepancy among the results of the two experi-~
ments may be due to this difference: the speakers were at various altitudes
in the Harvard studies and riot at different altitudes in the present study.

ERN




The results of the studies appear to be in harmony if the assumptions are
made that a listener's performance is essentially the same at any altitude,
and that a speakerts performance suffers in proportion to the altitude at
which he speaks. The first assumption is well supported by the experimen-
tation:on thresholds already cited, and Fletcher's article (4), The last:
asgumption is nupported by & priori considerations as well as: the decre-
ments:in:articulation scores for. 1ncreaung sltitudc rcported 1n the Har-
vard series. Cou L

..A8:8 general rule, ‘the* more participants in an-altitude run, the
chances are increased that the run may dbe forced down due to gas pains,
bends, .etc, . .Relévant to . this generality,; an implication from the study is
that speakers need to be sent to altitude for practice training to make
their speech more intelligible. However, there appears no good reason to
train: listeners at altitude. Thics lagt implicaiion may result in a con-
siderable saving in altitude runs by carrying persons along to serve as a
listening panel for speakers at altitude. This. information should lead to
a conservation of time and oxygen by allowing listeners to 'be at sea 1ovel
outside_the chanber.ff' "':‘:4 S SRR T e R
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TABLE

e

Means ¢f Intelligibility Scores of Four Groups
of Subjects by Successive Days at 43,000 Feet.

The scores are subdivided according to whether
the listener was at sea level or at altitude.

Group 1 Group 2 Group 3 Group 4

SL Alt, SL _Alt%, SL Alt, SL Alt,

£1.0 4,5 653 57.8 38,3 47.0  6L.2 57.8
67.7 58,7 63,3 63,5 475 53,7 62,6 66,7
61.4 - 68,2 66,0 68,0 56,6 59,6 63,4 64,1
72.5 69,5  67.6 52,0  61.2 54,2 62,6 66,7
66,3 66.5 66,2 44,2 63,6 60,8 59,8 61,2
68.9 59,8 59,5 65,5 575 58.5  59.5 67.2
66.7 646  66.0 62.6  6l.3 57.2 58,8 63.1
75.6 5.2 627 60.2 648 64,0  67.1 69,8
67.7 64,0 65,2 64,0  68.3 59,8 70,7 64,4
58,7 62,5  76.5 68,3 64,6 63,5 658 65,8
69.4 75.2 66,7 69,0 61,3 64,5 68,1 64,3

68,0 66,1 75.4 69,2 63,7 69.5 72.8 69,7

70,4 73,0 87.0 89,5 66.4 65,1 68,8 74,2

72.2 68,2 78,6 91.5 63.4 56,6 61.2 69.4

82.5 76,0 78,2 77,5 61.3 54,0 61.5 65,2




ZABLE 11

Summary of Analysis of Variance, First Group: Basic Measures,
Percent of Intelligibility of Pour Listeners for Ten Altitude Runs

Sum of Error

Source 4,1, Squares ariance Term ¥
Sea Level -~ Altitude 1l 74 74 229 32
Listeners 3 874 291 229 1.27
Days 9 5058 562 229 2,45 *
SAxXL 3 55 18 !
SA x D 9 466 - 52 1 ’
LxD | 27 4090 152 |
SAXL xD 27 _6180 229

Total 79 16797 |

* Significant at the 5% level of confidence (2.25, 9 and 27 d.f.).




TABIE 111

Summary of Analysis of Variance, Second Groups Basic Measures,
Percent of Intelligidbility of su Listeners for Nine Altitude Runs
Sum of - Error

gurce &1 Squares Yariance Jerm I
Sea Level - Altitude 1 63 63 56 1.0
Listeners 5 1541 308 114 2,70 *»
Days 8 3820 478 114 4,19 »
SAxL 5] 289 58 | |
SAxD . 8 922 115
LxD 40 4553 114 58 1,97 ¢
SAxLxD . 40 _2301 . 568

Total 107 13489

. Significant at the 54 level of confidence (1.69, 40 and 40 4.f.).
.. significant at the 5% level of confidence (2.45, 5 and 40 d. £.)e

ss* gignificant at the 1% level of confidence (2,99, 8 and 40 4.f.).




Sumary of Analysis of Variance, Third Group: Basic Measure;.
~Percent of Intelligibility of Four Listeners for Eleven Altitude
Runs ‘ :

\ Sum of Error
Seurce &f.  Squares  Yariance fern I
Altitude - Sea Level 1 2
Listeners 3 3605 1202 289 4,16 %ee
Days | 10 4858 486 289 1,68
SAxL 3 346 115
SA x D .10 1145 115
LxD | 30 8669 289 68 4,25 %
SAXLxD 30 _2039 68 '
Total 87 20689

** Significant at the 1% level of confidence (2,38, 30 and 30 dof.)e
*s8 Significant at the 1% level of confidence (2,98, 10 and 30 4.f.).




TABLE V

Summary of Analysis of Variance, Fourth Group: Basic Measures, .
Percent of Intelligibility of Seven Listeners for Nine Altitude Runs

Sum of Error

Source 4, £, Squares Yariance Term bl
Altitude - Sea Level 1 122 122 61 2,00
 Listeners 6 3675 613 1556 3,95 **»
Days 8 3448 431 155  2.78 *
AS x L 6 308 B 1

AS x D 8 667 82

LxD 48 7438 155 6L 2,54 %
ASxLxD 48 . 2950 61

Total 1256 18598

* Significant at the 5§ level of confidence (2,14, 8 and 48 d.f.).
** Significent at the 1% level of confidence (2,02, 48 and 48 d.f. ).
“ne Significant at the 1% level of confidence (2.20, 6 and 48 4.1, )e
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